Under treatment of pneumonia among children under 5 years of age
                in a malaria-endemic area: population-based surveillance study
                conducted in Manhica district- rural, Mozambique by Acácio, Sozinho et al.
International Journal of Infectious Diseases 36 (2015) 39–45Under treatment of pneumonia among children under 5 years of age in
a malaria-endemic area: population-based surveillance study
conducted in Manhica district- rural, Mozambique
Sozinho Aca´cio a,b, Jennifer R. Verani c, Miguel Lanaspa a,d, Tarayn A. Fairlie c,
Tacilta Nhampossa a,b, Maria Ruperez a,d, Pedro Aide a,b, Brian D. Plikaytis c,
Charfudin Sacoor a, Eusebio Macete a, Pedro Alonso a,d, Betuel Sigau´que a,b,*
aCentro de Investigac¸a˜o em Sau´de de Manhic¸a – Road 12. Manhic¸a, Mozambique
b Instituto Nacional de Sau´de, Ministe´rio de Sau´de – Av. Eduardo Mondlane 1008, Maputo, Mozambique
cCenters for Disease Control and Prevention - 1600 Clifton Road, Atlanta, GA 30329 USA
dCentre de Recerca en Salut Internacional de Barcelona, Hospital Clı´nic, Universitat de Barcelona – Rossello´ 132, 08036, Barcelona, Spain
A R T I C L E I N F O
Article history:
Received 13 January 2015
Received in revised form 27 April 2015
Accepted 4 May 2015
Corresponding Editor: Dr. Eskild Petersen,
Aarhus, Denmark
Keywords:
Pneumonia
Mozambique
Guideline Adherence
S U M M A R Y
Background: Integrated Management of Childhood Illness (IMCI) guidelines were developed to decrease
morbidity and mortality, yet implementation varies across settings. Factors associated with poor
adherence are not well understood.
Methods: We used data from Manhic¸a District Hospital outpatient department and ﬁve peripheral health
centers to examine pneumonia management for children <5 years old from January 2008 to June
2011. Episodes of IMCI-deﬁned pneumonia (cough or difﬁcult breathing plus tachypnea), severe
pneumonia (pneumonia plus chest wall in-drawing), and/or clinician-diagnosed pneumonia (based on
discharge diagnosis) were included.
Results: Among severe pneumonia episodes, 96.2% (2,918/3,032) attended in the outpatient department
and 70.0% (291/416) attended in health centers were appropriately referred to the emergency
department. Age<1 year, malnutrition and various physical exam ﬁndings were associated with referral.
For non-severe pneumonia episodes, antibiotics were prescribed in 45.7% (16,094/35,224). Factors
associated with antibiotic prescription included age <1 year, abnormal auscultatory ﬁndings, and
clinical diagnosis of pneumonia; diagnosis of malaria or gastroenteritis and pallor were negatively
associated with antibiotic prescription.
Conclusion: Adherence to recommended management of severe pneumonia was high in a hospital
outpatient department, but suboptimal in health centers. Antibiotics were prescribed in fewer than half
of non-severe pneumonia episodes, and diagnosis of malaria was the strongest risk factor for incorrect
management.
 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Pneumonia causes nearly one million deaths per year in
children less than 5 years of age and is the most common infectious
cause of death in that age group, causing more deaths per year than
malaria, HIV, and measles combined; most deaths occur in low to
middle income countries.1,2 Early diagnosis and treatment of
pneumonia can prevent substantial morbidity and mortality, but
are often challenging in resource-poor settings.3 The Integrated
Management of Childhood Illness (IMCI) is a strategy developed byciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Children’s Fund to reduce child morbidity and mortality.4 IMCI
provides standardized, integrated, evidence-based guidelines for
the management of the most common causes of child death,
including pneumonia. These guidelines were developed for the use
of health workers at ﬁrst-level health facilities in high-infant
mortality settings, and rely on detection of simple clinical signs.4
The IMCI guidelines have undergone several revisions, most
recently in 2012.5
Implementation of IMCI has been shown to reduce pediatric
morbidity and improve the quality of health services provided to ill
children.3 However, studies have described sub-optimal adherence
to the guidelines in a variety of settings.6–10 Within the context of
on-going pneumonia surveillance we assessed the management of
pneumonia in children less than 5 years of age in Manhic¸a,
Mozambique, a low-income country with high mortality rate for
children less than 5 years and a high burden of illness and death
due to pneumonia and malaria.11,12 Our objectives were to assess
adherence to locally-adapted IMCI guidelines for management of
severe and non severe pneumonia in children less than 5 years of
age at outpatient facilities and to describe factors associated with
correct pneumonia case management.
2. Methods
2.1. Study setting
The study was carried out in Manhic¸a District, a rural area in
southern Mozambique. A Demographic Surveillance System (DSS)
has been operating in the district since 1996, covering an area of
approximately 500 km2, with 84,000 persons under surveillance.
Demographic surveillance is conducted via household interview;
each household is interviewed every 6 months. Persons residing in
the DSS area are assigned a unique identiﬁer number. Of those
residing in the DSS area, 17.3% are less than ﬁve years of age.13 In
2010, the prevalence of HIV among pregnant women attending the
antenatal centers in the health system was high (29.4%) and the
vertical transmission rate in the ﬁrst month of life of children born
from mothers infected by HIV is 9%;14 the prevalence of HIV in
Manhic¸a among adults over 18 years is among the highest in the
world with prevalence rates reaching 39.9% [95% conﬁdence
interval (CI) 35.9 to 43.8] peaking to 44% in individual age 38 to
47 years (95% CI 38.4 to 51.2).15
Pediatric morbidity surveillance is carried out in health
facilities within the DSS area. Data are routinely gathered using
standardized forms for all pediatric admissions to Manhic¸a District
Hospital (MDH), as well as all outpatient pediatric visits to ﬁve
peripheral health centers and the MDH outpatient department.
MDH is the referral hospital for the district and has physician
stafﬁng as well as radiology and laboratory facilities. The
peripheral health centers and the MDH outpatient department
are staffed by health agents (health workers with 2 years of formal
training) and offer basic laboratory services, including assessment
o2\f hematocrit and microscopy to diagnose malaria. For all clinical
encounters, discharge diagnoses are assigned by the treating
clinician based on the 10th revision of the International Statistical
Classiﬁcation of Diseases and Related Health Problems (ICD).
Transportation is available to carry severely ill patients from the
peripheral health centers to MDH free of charge; the travel time
ranges from approximately 30 minutes to over one hour. Patients
transferred from peripheral health centers to MDH are evaluated in
the MDH outpatient department on arrival. Severely ill children
attended initially at the MDH outpatient department are
transferred to the hospital emergency room, which is located in
a building adjacent to the outpatient department.2.2. Data sources and deﬁnitions
We used data from outpatient visits for pneumonia among
children <5 years from January 2008 to June 2011, restricted to
children residing in the DSS area so that a unique identiﬁer could
be used to detect multiple visits or episodes of pneumonia.
Local IMCI guidelines in Manhic¸a district classify children with
cough or difﬁcult breathing plus tachypnea (respiratory rate 60 if
age <2 months, 50 if age 2 months to < 1 year, and 40 if 1
year) as having pneumonia, and those with pneumonia plus chest
wall in-drawing (intercostal retractions) as having severe pneu-
monia. The recommended management of non-severe pneumonia
is oral penicillin or amoxicillin; if neither is available clinicians
may treat non-severe pneumonia with chloramphenicol, erythro-
mycin, or cotrimoxazole. Antibiotics are prescribed by clinicians
and can be purchased at pharmacies located in the health centers
for approximately USD $0.03 or at the MDH pharmacy for USD
$0.16 per course of antibiotics. The recommended management for
children with severe pneumonia is referral to MDH, where they can
be evaluated and if needed admitted to receive intravenous
antibiotic therapy (Ampicillin and Gentamicin <2 months of age
Penicillin G for children >= 2 months as ﬁrst choice and
Ceftriaxone as second choice in cases of failure of Ampicillin
and Penicillin G and Gentamicina). According to the local guide-
lines, no antibiotics are administered to patients with severe
pneumonia prior to transfer from the peripheral health centers to
MDH, where blood culture and chest X-ray are performed. Hospital
care is free of charge. The recommended management for children
<2 months of age with pneumonia is the same as that for all
children <5 years with pneumonia.
Visits with a primary or secondary discharge diagnosis of
pneumonia (ICD-10 codes J13-18, J22), and/or in which the child
had criteria for pneumonia (e.g. cough, difﬁculty breathing,
tachypnea) were included in the analysis. Episodes in which the
patient had criteria for pneumonia but no diagnostic code for
pneumonia were excluded if there was a diagnostic code for
asthma, since we presumed the respiratory signs were due to
asthma. Visits for pneumonia occurring within 2 weeks of a prior
visit for pneumonia were considered part of a single pneumonia
episode; we examined management during the ﬁrst outpatient
visit for each pneumonia episode.
Pneumonia episodes were classiﬁed as non-severe or severe
based on information documented in the medical record at the
initial visit for each episode. Clinician-diagnosed pneumonia
(based on discharge diagnosis only, without meeting criteria for
pneumonia) could not be classiﬁed with regards to severity. For
episodes classiﬁed as severe pneumonia, we examined whether
the patient was referred from either the peripheral health centers
to the MDH outpatient department or from the MDH outpatient
department to the emergency room at MDH. For episodes
classiﬁed as non-severe pneumonia, we assessed whether the
patient was prescribed antibiotics based on documentation of one
or more of the following oral antibiotics in the medical records:
penicillin, amoxicillin, erythromycin, chloramphenicol, or cotri-
moxazole. Referral is not recommended for non-severe pneumo-
nia; we excluded episodes of non-severe pneumonia in which the
initial visit resulted in referral, since those children were
presumed to have some other type of severe disease necessitating
transfer (i.e., anemia, suspected bacterial meningitis, severe
malaria, dehydration, etc.).
2.3. Data management and Statistical Analysis
Standardized visit forms are routinely double entered in FoxPro
(v.2.6 Microsoft Corporation Redmond Washington) at CISM and
discrepancies in data were resolved by referring to the original
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described the frequency of adherence to recommended pneumo-
nia management for severe and non-severe pneumonia at the
initial visit for each episode of pneumonia, and used logistic
regression to determine factors associated with correct manage-
ment. Variables examined included demographics, symptoms,
signs, physical exam ﬁndings, and diagnostic ICD-10 code. Weight-
for-age z scores were calculated using WHO growth standards and
a SAS macro available from WHO.16 Variables with a p<0.2 on
univariate analysis were considered for possible inclusion in
multivariable models. We assessed for collinearity and two-way
interaction for all variables in the ﬁnal models. We constructed
separate models for the management of severe pneumonia at the
peripheral health centers and at the MDH outpatient department,
since transfer from the peripheral health centers to MDH is more
complicated than transfer from the MDH outpatient department to
the emergency room in MDH.
3. Results
We identiﬁed 64,783 visits for pneumonia from January 2008 to
June 2011, representing 60,919 episodes of pneumonia among
24,497 children < 5 years (Figure). The mean number of episodes
per child was 2.5, with an interquartile range of 1 to 3 episodes. The
median age at ﬁrst visit for all episodes was 15.8 months, with an
interquartile range of 8.3 to 26.2 months. Among the 60,919
episodes of pneumonia, 3,448 (5.7%) were classiﬁed as severe
pneumonia, 42,331 (69.5%) as non-severe pneumonia, and for
15,140 (24.9%) it was not possible to classify based on available
information in the medical record. Most episodes of severe
pneumonia (89.0%) had both clinical criteria and a ﬁnal diagnostic
code for pneumonia. In contrast, for non-severe pneumonia, mostTable 1
Factors associated with referral during initial visit for an episode of severe pneumonia a
2011
Characteristic Referred
n=291
n (%)
Not referred
n=121
n (%)
Demographics
Age <1 year 165 (56.7) 58 (47.9) 
Male sex 170 (58.4) 76 (62.8) 
Vital signs
Temperature >38 8C 69 (23.7) 17 (14.3) 
Weight-for-age z score <-2 77 (27.4) 23 (19.0) 
Reported symptoms
Fever 250 (86.2) 109 (90.1) 
Cough 286 (98.3) 117 (96.7) 
Difﬁcult breathing 216 (74.2) 81 (66.9) 
Diarrhea 52 (17.9) 10 (8.3) 
Vomiting 62 (21.3) 15 (12.4) 
Convulsions 5 (1.7) 1 (0.8) 
Physical ﬁndings
Crepitations or rales 220 (75.6) 75 (62.0) 
Splenomegaly 35 (12.0) 1 (0.8) 
Pallor 39 (13.4) 6 (5.0) 
Nasal ﬂaring 177 (60.8) 68 (56.2) 
Wheeze or rhonchi 171 (58.8) 43 (35.5) 
Ear discharge 17 (5.8) 12 (9.9) 
Hepatomegaly 2 (0.7) 0 (0) 
Skin tenting 9 (3.1) 0 (0) 
Lethargy 25 (8.6) 1 (0.8) 
Laboratory ﬁndings
Parasitemia 66 (26.6) 18 (16.7) 
Discharge diagnoses
Gastroenteritis 38 (13.1) 11 (9.1) 
Malaria 63 (21.6) 19 (15.7) 
Pneumonia 264 (90.7) 106 (87.6) episodes (80.1%) had only clinical criteria and no diagnostic code
for pneumonia.
Of 416 episodes of severe pneumonia attended initially in
peripheral health centers, 291 (70.0%) were appropriately referred
to the MDH outpatient department, 121 (29.1%) were not referred,
and in 4 (1.0%) episodes the child was taken home from the clinic
by a parent/guardian before a management decision was made. On
multivariable analysis, factors signiﬁcantly associated with refer-
ral included age <1 year (adjusted odds ratio [aOR] 1.69, 95%
conﬁdence interval [CI] 1.00 to 2.83), temperature >38 8C (aOR
2.39, 95%CI 1.25 to 4.60), weight-for-age z-score <-2 (aOR 2.17,
95%CI 1.18 to 4.02), vomiting (aOR 2.02, 95%CI 1.02 to 4.01),
crepitations or rales (aOR 1.93, 95%CI 1.11 to 3.35), splenomegaly
(aOR 22.69, 95%CI 2.87 to 179.35), and wheeze or rhonci (aOR 3.19,
95%CI 1.89 to 5.41) (Table 1). Among the 121 episodes of severe
pneumonia not referred, 106 (87.6%) had a discharge diagnosis of
pneumonia; of those, antibiotics were prescribed in 79 (74.5%).
Among the 291 episodes of severe pneumonia referred from
peripheral health centers to MDH, 157 (54.0%) resulted in the child
receiving care at MDH that same day or the following day. The only
factor signiﬁcantly negatively associated with arrival to MDH
among referred severe pneumonia cases was having been initially
attended in the health center furthest from Manhic¸a (Ilha Josina);
55.2% (74/134) of cases that did not arrive were seen at that clinic,
compared with 8.92% (14/157) of cases that did arrive (OR 0.06,
95% CI 0.03 to 0.12, with the health center closest to the hospital
being the reference).
Among 3,032 episodes of severe pneumonia attended initially
at the MDH outpatient department, 2,918 (96.2%) were referred to
the MDH emergency room, 107 (3.5%) were not referred, and in 7
(0.2%) episodes either the child was taken home from the clinic by a
parent/guardian before a management decision was made or data
on disposition were not available. For children with severemong children <5 years from peripheral health centers (n=412), January 2008-June
Univariate Odds Ratio (95% CI) Multivariable Odds Ratio (95% CI)
1.42 (0.91, 2.23) 1.69 (1.00, 2.83)
0.83 (0.52, 1.31) -
1.86 (1.02, 3.56) 2.39 (1.25, 4.60)
1.61 (0.93, 2.85) 2.17 (1.18, 4.02)
0.69 (0.32, 1.40) -
1.96 (0.38, 9.24) -
1.42 (0.90, 2.31) 1.69 (0.96, 2.99)
2.42 (1.16, 5.52) -
1.91 (1.02, 3.79) 2.02 (1.02, 4.01)
2.11 (0.23, 100.39) -
1.90 (1.17, 3.06) 1.93 (1.11, 3.35)
16.41(2.68, 671.74) 22.69 (2.87, 179.35)
2.97 (1.20, 8.80) -
1.21 (0.77, 1.90) -
2.58 (1.63, 4.12) 3.19 (1.89, 5.41)
0.56 (0.24,1.34) -
- -
- -
11.28 (1.80, 466.85) -
1.81 (0.99, 3.44) -
1.50 (0.72, 3.38) -
1.48 (0.82, 2.77) -
1.38 (0.66, 2.82) -
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factors associated with referral included age <1 year (aOR 1.64,
95%CI 1.06 to 2.53), weight-for-age z-score <-2 (aOR 2.76, 95%CI
1.56 to 4.88), difﬁcult breathing (aOR 8.01, 95%CI 5.14 to 12.47),
diarrhea (aOR 2.23, 95%CI 1.00 to 4.95), crepitations or rales (aOR
2.44, 95%CI 1.60 to 3.71), and pallor (aOR 4.67, 95%CI 1.11 to
19.71)(Table 2). Among the 2,918 episodes that resulted in referral,
only 24 (0.8%) failed to arrive at the MDH emergency room.
A total of 35,224 episodes of non-severe pneumonia were seen
and managed at an outpatient facility (i.e. not referred on the initial
visit) (Figure 1). Among those, 33 (0.09%) resulted in the child
leaving before clinical management was determined. Among the
remaining 35,191 episodes, 16,094 (45.7%) were correctly man-
aged with an antibiotic prescription, and 19,097 (54.3%) were not
(Table 3). For episodes in which an antibiotic was prescribed,
amoxicillin was most common (n=11,308; 70.3%), followed by
penicillin (n=2,488; 15.5%) and cotrimoxazole (n=1,788; 11.1%).
Factors positively associated with antibiotic treatment included
age <1 year (OR 1.60, 95%CI 1.52 to 1.69), crepitations or rales (OR
1.31, 95%CI 1.16 to 1.47), wheeze or rhonci (OR 2.86, 95%CI 2.69 to
3.05), ear discharge (OR 3.22, 95%CI 2.82 to 3.68), lethargy (OR
5.12, 95%CI 2.39 to 10.95), and clinical diagnosis of pneumonia (OR
2.72, 95%CI 2.44 to 3.04). A diagnosis of malaria (OR 0.20, 95%CI
0.19 to 0.22) or gastroenteritis (OR 0.38, 95%CI 0.35 to 0.42) and
pallor noted on exam (OR 0.62, 95%CI 0.54 to 0.70) were
signiﬁcantly more common among episodes of non-severe
pneumonia in which antibiotics were not prescribed.
4. Discussion
In rural Mozambique, a resource-limited area with a high
burden of pneumonia and other infectious diseases, we found good
adherence to recommended management for severe pneumonia in
the outpatient department located next to the hospital, with >95%Table 2
Factors associated with referral during initial visit for an episode of severe pneumonia am
June 2011
Characteristic Referred
n=2,918
n (%)
Not referred
n=107
n (%)
Demographics
Age <1 year 1409 (48.3) 34 (31.8) 
Male sex 1597 (54.7) 51 (47.7) 
Vital signs
Temperature >38 8C 965 (33.1) 34 (31.8) 
Weight-for-age z score <-2 876 (31.6) 15 (14.2) 
Reported symptoms
Fever 2586 (88.6) 99 (92.5) 
Cough 2825 (96.8) 105 (98.1) 
Difﬁcult breathing 2202 (75.5) 29 (27.1) 
Diarrhea 462 (15.8) 7 (6.5) 
Vomiting 606 (20.8) 14 (13.1) 
Convulsions 84 (2.9) 0 (0) 
Physical ﬁndings
Crepitations or rales 2276 (78.0) 64 (59.8) 
Splenomegaly 275 (9.4) 1 (0.9) 
Pallor 347 (11.9) 3 (2.8) 
Nasal ﬂaring 1647 (56.5) 35 (32.7) 
Wheeze or rhonchi 1560 (53.5) 48 (44.9) 
Ear discharge 122 (4.2) 2 (1.9) 
Hepatomegaly 32 (1.1) 0 (0) 
Skin tenting 96 (3.3) 0 (0) 
Lethargy 195 (6.7) 1 (0.9) 
Laboratory ﬁndings
Parasitemia 534 (20.8) 25 (25.3) 
Discharge diagnoses
Gastroenteritis 279 (9.6) 5 (4.7) 
Malaria 362 (12.4) 23 (21.5) 
Pneumonia 2596 (89.0) 90 (84.1) of episodes referred and nearly all of those resulting in a visit to the
MDH emergency room. Management of severe pneumonia at
peripheral health centers was suboptimal; only 70% were referred
and nearly half of those referred failed to arrive at the hospital for
care – a ﬁnding that highlights important challenges to appropriate
pneumonia case management beyond the practices of health care
workers. Implementation of the recommended management for
non-severe pneumonia was also lacking, with fewer than half
receiving antibiotics. Failure to recognize pneumonia criteria,
particularly when signs or symptoms consistent with other
childhood illnesses are present, appears to negatively impact
adherence to the recommended management of non-severe
pneumonia.
The referral rate we observed for children with severe
pneumonia initially seen at peripheral health centers is consistent
with ﬁndings of several other evaluations of IMCI implementation,
in which only 36 to 70% of severely ill children seen in ﬁrst-level
health care facilities were referred to hospitals.6,7,17 Low arrival
rate at the referral facility for children with severe disease has been
attributed to a combination of geographic and ﬁnancial bar-
riers.6,18 We identiﬁed distance from the hospital as the primary
risk factor for children with severe pneumonia failing to arrive at
the hospital following referral from a peripheral health center,
despite the availability of free transportation for patients in need of
hospital-level care – a service that is very rarely available in low-
income settings. The barriers to optimal care of children with
severe pneumonia are multi-faceted, and removal of transporta-
tion barriers may not be sufﬁcient to ensure adequate care for a
child with severe pneumonia. Studies have found that severe
pneumonia without danger signs can be safely and effectively
managed at ﬁrst-level health facilities18,19 and by health workers
at the community level, potentially offering a promising approach
to reducing barriers to adequate case management of severe
pneumonia.20,21ong children <5 years from MDH outpatient department (n=3,025), January 2008-
Univariate Odds Ratio (95% CI) Multivariable Odds Ratio (95% CI)
2.00 (1.31, 3.13) 1.64 (1.06, 2.53)
1.33 (0.89, 1.99) -
1.06 (0.69, 1.66) -
2.80 (1.60, 5.23) 2.76 (1.56, 4.88)
0.63 (0.26, 1.31) -
0.58 (0.07, 2.20) -
8.28 (5.29, 13.26) 8.01 (5.14, 12.47)
2.69 (1.25, 6.90) 2.23 (1.00, 4.95)
1.74 (0.98, 3.33) -
-
2.39 (1.57, 3.60) 2.44 (1.60, 3.71)
11.03 (1.92, 441.26) 6.86 (0.93, 50.75)
4.68 (1.54, 23.18) 4.67 (1.11, 19.71)
2.67 (1.74, 4.14) -
1.41 (0.94, 2.13) -
2.29 (0.61, 19.39) -
- -
- -
7.59 (1.32, 304.15) -
0.78 (0.48, 1.29) -
2.16 (0.88, 6.84) -
0.52 (0.32, 0.87) -
1.52 (0.84, 2.62) -
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3,448 (5.7%) episodes 
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referred to district hosp ital**
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incl uded in analysis   
Figure 1. Pneumonia visits, episodes, and the classiﬁcation of ﬁrst visits as severe or non-severe pneumonia among children aged <5 years in Manhic¸a, Mozambique, January
2008 – June 2011
*An episode of pneumonia is deﬁned as a an initial visit for pneumonia plus any subsequent pneumonia visits occurring within a 2 week inter-visit interval
y Included 15,135 episodes in which the ﬁrst visit resulted in a diagnostic code for pneumonia but clinical criteria (cough and/or difﬁcult breathing plus tachypnea) were not
documented, and 5 episodes in which the ﬁrst visit had diagnostic codes and/or clinical criteria for pneumonia however data on lower chest wall indrawing were missing
z Deﬁned as having cough and/or difﬁcult breathing and tachypnea, without chest in-drawing, and without a ICD-10 code for pneumonia, and excluding those with an ICD-9
code for asthma
§Deﬁned as having cough and/or difﬁcult breathing, tachypnea, and chest in-drawing, without a ICD-9 code for pneumonia, and excluding those with an ICD-9 code for
asthma
**Episodes of non-severe pneumonia in which the initial visit resulted in a referral to Manhic¸a District Hospital were excluded from the analysis; referral is not recommended
for non-severe pneumonia and therefore another severe illness (e.g. meningitis, complicated malaria) likely prompted the referral.
Table 3
Factors associated with antibiotic prescription during initial visit for an episode of non-severe pneumonia among children <5 years (n=35,191*), Manhic¸a district, January
2008-June 2011
Characteristic Antibiotic prescribed
n=16,094
n (%)
No antibiotic prescribed
n=19,097
n (%)
Univariate Odds Ratio (95% CI) Multivariable Odds Ratio (95% CI)
Demographics
Age <1 year 6578(40.9) 4519(23.7) 2.23 (2.13, 2.34) 1.60 (1.52, 1.69)
Male sex 8327(51.7) 9695(50.8) 1.04 (1.00, 1.08) -
Attended in health center ydepartment 7935(49.3) 10075 (52.8) 0.87 (0.83, 0.91) -
Vital signs
Temperature >38 8C 3428(21.3) 4584 (24.0) 0.86 (0.81, 0.90) -
Weight-for-age z score <-2 2189(13.7) 2916 (15.4) 0.87 (0.82, 0.93) -
Reported Symptoms
Fever 12946(80.4) 17027 (89.2) 0.50 (0.47, 0.53) -
Cough 16083(99.9) 19078 (99.9) 1.46 (0.66, 3.39) -
Difﬁcult breathing 404(2.5) 357 (1.9) 1.35 (1.17, 1.57) -
Diarrhea 1304(8.1) 3158 (16.5) 0.44 (0.42, 0.48) -
Vomiting 1259(7.8) 2008 (10.5) 0.72 (0.67, 0.78) -
Convulsions 11(0.1) 15 (0.1) 0.87 (0.36, 2.03) -
Physical ﬁndings
Crepitations or rales 4454 (27.7) 1778 (9.3) 3.73 (3.51, 3.96) 1.31 (1.16, 1.47)
Splenomegaly 302 (1.9) 812 (4.3) 0.43 (0.38, 0.49) -
Pallor 447 (2.8) 1213 (6.4) 0.42 (0.38, 0.47) 0.62 (0.54, 0.70)
Nasal ﬂaring 88 (0.5) 32 (0.2) 3.28 (2.16, 5.08) -
Wheeze or rhonchi 5391 (33.5) 1946 (10.2) 4.44 (4.19, 4.70) 2.86 (2.69, 3.05)
Ear discharge 839 (5.2) 402 (2.1) 2.56 (2.26, 2.89) 3.22 (2.82, 3.68)
Hepatomegaly 25 (0.2) 13 (0.1) 2.28 (1.12, 4.86) -
Skin tenting 12 (0.1) 29 (0.2) 0.49 (0.23, 0.99) -
Lethargy 20 (0.1) 13 (0.1) 1.83 (0.86, 4.00) 5.12 (2.39, 10.95)
Laboratory ﬁndings
Parasitemia 1447 (11.2) 6901 (40.6) 0.18 (0.17, 0.20) -
Discharge diagnoses
Gastroenteritis 1130 (7.0) 2706 (14.2) 0.46 (0.42, 0.49) 0.38 (0.35, 0.42)
Malaria 1429 (8.9) 6846 (35.8) 0.17 (0.16, 0.19) 0.20 (0.19, 0.22)
Pneumonia 5189 (32.2) 1827 (9.6) 4.50 (4.24, 4.77) 2.72 (2.44, 3.04)
* Excludes episodes of non-severe pneumonia that were referred to the hospital or that resulted in the child leaving before clinical management was determined.
y Compared with attended in hospital outpatient department
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pneumonia in Manhic¸a was worse than that of severe pneumonia.
Health workers recoded a diagnosis of pneumonia in only 19.9% of
all episodes in which children met criteria for non-severe
pneumonia. A study of non-severe pneumonia case management
in Benin reported that failure to diagnose pneumonia often
preceded a failure to treat adequately.22 In this study, children with
non-severe pneumonia were prescribed antibiotics in only 45.7% of
episodes, and failure to treat was more common when another
diagnosis or signs and symptoms consistent with other illnesses
such as malaria or gastroenteritis were present. According to IMCI
guidelines, children meeting criteria for multiple illnesses should
be treated for the various diseases.4 Yet a study of the management
of severely ill children in Tanzania found that health workers
consistently treated the speciﬁc diagnosis they assigned, while
infrequently recognizing or treating concurrent illnesses.6
Distinguishing between pneumonia and malaria in young
children is challenging, since many of the presenting clinical signs
are the same and diagnostic tools for both diseases have important
limitations.23 A prior study in Manhic¸a found that among children
admitted to MDH with severe pneumonia, 19% had clinical malaria,
deﬁned as fever and parasitemia.11 Another study of children
admitted to MDH that met clinical criteria for both severe
pneumonia and IMCI-deﬁned malaria (fever or a history of fever
in the preceding 24 hours) reported that while true overlap of
radiologically-conﬁrmed pneumonia and laboratory-conﬁrmed
malaria was relatively uncommon, there were no clinical signs,
symptoms, or other variables that reliably distinguished between
the two.24 It is possible that in a setting such as Manhic¸a where
microscopy is readily available at health facilities, health workers
may be better able to distinguish between pneumonia and malaria.
Therefore, the highly sensitive although nonspeciﬁc IMCI clinical
pneumonia deﬁnition may not be the most appropriate way to
determine which children should receive antibiotics in a setting
were reliable malaria diagnosis is possible. However, it is also
possible that cases of pneumonia are missed because of clinical
overlap with malaria and appropriate treatment is delayed. Better
diagnostic tools for pneumonia and malaria that are feasible and
affordable in resource-poor settings could help improve case
management.
We used pneumonia deﬁnitions that were consistent with
locally-adapted IMCI guidelines during the study period.4 The most
recent version of IMCI guidelines deﬁnes pneumonia as cough or
difﬁculty breathing plus tachypnea or lower chest wall indrawing
(with the recommendation that it be treated on an outpatient
basis), and severe pneumonia as pneumonia with any general
danger sign.25 Therefore, if Mozambique were to utilize the most
recent guidelines, those cases we classiﬁed as severe pneumonia
(because of chest wall indrawing) would be classiﬁed as
pneumonia (non-severe) and eligible for outpatient treatment.
Revised guidelines would not alter the classiﬁcation or recom-
mended management for children with cough/difﬁculty breathing
and tachypnea (without indrawing); thus the deﬁciencies we
observed in management of non-severe pneumonia would
continue to be of concern even if revised guidelines were adopted.
This study was subject to several limitations. We only examined
the management at the initial healthcare visit for each pneumonia
episode; our ﬁndings do not reﬂect the care children received at
subsequent visits for a single episode of pneumonia. Our analysis
was focused on non-severe and severe pneumonia; our ﬁndings are
not applicable to very severe pneumonia (cough and difﬁculty
breathing plus danger signs). We did not evaluate the quality of the
clinical encounters and do not have data on what factors guided
health care workers’ clinical decision making. Additional clinical
information beyond what is noted in the surveillance data, such as
HIV status, likely inﬂuenced management. We were unable todetermine the socio-economic status of the child or how far from
the health post a child resided, both of which may have inﬂuenced
the care received. We also do not have information on antibiotic
dosage or whether the prescriptions were ﬁlled and taken
completely; such factors can affect outcomes even if pneumonia
cases are properly detected, prescribed antibiotics and/or referred.
This observational study was also not designed to examine the
impact of correct management, so it is unknown whether the
observed lapses in recommended management resulted in worse
outcomes.
Our evaluation revealed both strengths and weakness in the
management of child pneumonia in a rural setting in Mozambique
where locally adapted IMCI guidelines are the standard of care and
the population beneﬁts from free transportation for severely ill
patients from peripheral health centers to the hospital. Our
ﬁndings highlight the need for carefully follow of established and
available guidelines from WHO for child pneumonia management
both at health center level and community level as well. Further
research is needed to understand the impact of multiple
concurrent illnesses on the diagnosis and treatment of pneumonia
in order to guide efforts to improve pneumonia case management
and reduce pneumonia-related morbidity and mortality.
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